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Introduction
In spite of Brazil's continental land area and abundance of fresh water, the country faces challenging tasks in managing water resources due to significant regional diversity and inequity of water distribution within its terri-A. L. D. Gesicki, F. Sindico 1534 tory. While the sparsely populated northern portion of the country encompasses the largest river basin in the world (the Amazon river basin), the Northeast suffers from periodic droughts and the Southeast has to tackle with the issues of water resources having an unbalanced supply-demand relationship and increasing pollution due to urbanization and industrial activities [1] [2] .
Regarding specifically Brazilian groundwater resources, these are subject to competing interests from various categories of use, mainly in the regions where the availability of surface fresh water of good quality is under threat from growing risk of pollution and scarcity due to critical climatic events. An overall estimate reveals that there must be about 400,000 wells across the country pumping groundwater for several purposes, at a likely total abstraction rate of 4000 m 3 /s [3] . This estimate still gives a wide margin for safe water use considering that renewable reserves of groundwater in Brazil have been estimated at about 42,000 m 3 /s [4] . The Brazilian Water Reform, carried out in the late 1990s, includes several principles and instruments internationally accepted for dealing with water resources, such as integrated and decentralized management and multiple uses of water. The water legislation, however, is silent on economic uses of mineralized groundwater. This is not surprising considering the aged legislation for mineral waters, namely Code of Mineral Waters (CMW), was enacted in 1945 and has never been updated. The CMW considers mineral water as a mineral substance with economic value and deals with it separately from water resource management. By doing so, mineral water falls under the same legal regime applicable for the mining sector. This has led mineral water and groundwater to be covered by different legal frameworks that embody distinct concepts and styles of management, which results in conflicts of competences between federal (mining regulation) and state agencies (water resource management).
Against this background, this article aims to critically assess the likely sources of conflicts between mineral water and water resource management, by providing an overview of both legal frameworks. This article is divided in six sections. The first three are devoted to provide an overview of the relevant aspects of the water, mining and environmental legislations in Brazil. The next two sections examine in detail the reasons why mineral water legislation is in disagreement with the principles of the mining sector and of water resource management, including a reported case of conflict of interests between federal and local institutions. The last section finally addresses key legal standpoints, which we consider important enough to justify a major revision of the current mineral water legislation.
Water Resources-Principles and Policies
Since the first decades of the 1900s, rivers have been extremely important in Brazil because of their huge potential to generate energy. As a result, Brazil's energy matrix relies heavily on hydroelectricity. The Water Code of 1934 represents the early efforts to discipline the use of water resources in a country with an increasing demand for energy due to the growth of an urban-industrialized society [1] . During more than 60 years, the Water Code played an important role in governing the use of surface water resources for hydropower generation purposes, but several provisions of the law related to other matters (for example, groundwater use) have never been properly regulated because the law did not take into account the complexity of different water uses. Although the Water Code is still in force, several provisions were implicitly revoked by the 1988 Federal Constitution. This has been the case for example, for water bodies previously ascribed as private property and municipal rivers.
The awareness for the need for environmental protection that emerged in the 1970s, combined with the further widespread understanding of the need to promote sustainable development, culminated in a change of paradigm from an ancient culture of disregard for available water to a new concept of water as a scarce resource [2] . The new environmental mind-set when dealing with water has led to a review of governmental strategies and actions for the implementation of an integrated management programme for water resources in Brazil [3] . The first step towards this achievement was the promulgation of the 1988 Federal Constitution itself, which assigned all waters to the public domain and mandated the implementation of the national system for water resource management. International legal instruments about water and the environment, such as the Dublin Declaration of 1992, reinforced the discussion about principles for water resource management and played an important role in the process of reviewing laws and policies at federal and state levels 1 . This led to the enactment of the National Water Act in 1997 (Law 9.433/1997), also known as "Water Law", which laid the basis for the National Policy for Water Resources and created the National System of Water Resource Management (SINGREH), launching new principles, objectives and administrative instruments for managing water resources in Brazil.
The National Policy for Water Resources is based on six principles that underpin the Brazilian system of water resource management. First, water is considered to be a public good, following constitutional mandatory provisions. Second, it is recognized that water is a limited resource with economic value. Third, in the case of water shortage, the law establishes priority water uses for human and animal consumption. Fourth, the multiple uses of water must be considered within the management of water resources. Fifth, it establishes the river basin as the basic territorial unit for the implementation of the National Policy for Water Resources and the National System of Water Resource Management. Sixth, the law promotes the decentralized and democratic management of water resources, counting on the participation of governmental institutions, stakeholders and communities involved in the river basins.
An important advance in Water Reform was the introduction of a permit system, at a national level, to grant rights for any use of water resources stored underground. As groundwater is under the exclusive jurisdiction of the States 2 , groundwater users must follow the rules established by the water permit system defined at State level 3 . For granting water rights, some relevant issues are observed by the State bodies, such as the water availability of the aquifer in the river basin, its expected recharge rate and the stipulation of a maximum yield for groundwater abstraction that is considered "sustainable", i.e. the volume of water in a rate of abstraction that guarantees the availability of groundwater for other uses [5] . The authorization for water use issued by the State institution is time limited, a time limit that varies from State to State 4 . The dual jurisdiction over water bodies has been identified as a challenge for the integrated management of water resources. That is the case of surface waters, which can be under the jurisdiction of the Union or the States depending on their geographic localization 5 . It is not different for groundwater. Even though the Constitution defines the jurisdiction of groundwater to the States, there are not yet legal provisions to integrate mineralized groundwater management to the National Policy for Water Resources and so providing a desirable integration between federal and State agencies. For a country of great regional diversity, the governance of water resources depends primarily on the cooperation between the different levels of the government, which is not simple to achieve [3] considering that Union, States and Municipalities all have administrative autonomy to define rules and standards to deal with protection of the environment and other issues of their own competences.
Protection of the Environment
At the time when the legislation for mineral water was drafted, Brazil had great potential for development and was starting to face a significant increase in the rate of industrialization and also undergoing a population explosion, mainly in the southern urban centres. Paradoxically, this accelerated economic growth was founded on increasing regional economic discrepancies, and occurred at the expense of individual freedoms and furthermore imposed environmental costs because of the uncontrolled use of the country's natural resources [6] - [8] .
The model of development at all costs started to be questioned in the 1970s, mainly as a result both of a movement of civil society organizations and of several serious environmental damages in Brazil 6 . Environmental regulation at federal level in Brazil started with the promulgation of Law 6.938/1981, which established the National Environmental Policy, and set up the National System for the Environment (SISNAMA) multi-institutional framework. Within SISNAMA there are institutions and entities at Federal, State and Municipal levels that grant environmental licenses, carry out inspections and enact supplementary rules and policies within the 2 Article 26 of the 1988 Federal Constitution. 3 Water permit systems vary in national range because States are allowed to promulgate their own legislation of water resource management, following the guidelines established in the National Policy for Water Resources. For this reason, there are States with long-term and well established water permit systems (e.g. São Paulo and Minas Gerais States) and others which have just promulgated its own water legislation and still face difficulties with the enforcement of the law. 4 The maximum period of validity of water rights is 35 years. 5 Surface fresh water bodies (rivers and lakes) are under the States' domain except if they serve as boundaries with other countries or between States, which are considered of federal jurisdiction. 6 One of the most serious events of environmental damage occurred in Cubatão, an industrial city in São Paulo State, where uncontrolled pollution caused by 24 petrochemical and steel companies resulted in mountain landslides, contamination of soil, rivers and air, as well as grave health problems to local population. The companies were involved in a lawsuit filed under the Public Civil Action conducted by the State Public Ministry from 1985 and obliged to fully remediate the environment [9] . ambit of their own competences in matters related to environmental protection and pollution control.
Environmental regulation of economic activities in Brazil stems on two internationally widespread principles: the precautionary and the polluter-pays principles. The precautionary principle requires a proactive approach towards the protection of the environment, using two main instruments of the National Environmental Policy -environmental impact assessment (EIA) and licensing of economic activities that cause potential or effective hazards to the environment 7 . The environmental viability of a project is analyzed by SISNAMA bodies at Federal, State or Municipal level, depending on the type of activity and the scale and localization of the project. The polluter-pays principle is expressed in the penalties, sanctions and requirements for reparations to which offenders are subject if they cause harm to the environment. Note that mining is an activity that admittedly implies damages to the environment; hence, the miner has the constitutional obligation to restore what has been degraded.
The environmental legislation, combined with the environmental principles of the Federal Constitution and of the Brazilian Civil Code 8 , establishes water as a public good for common use, describing it generally as an environmental resource, together with other elements of ecosystems. Environmental resources are for general use of the whole community, being essential to acquire and maintain a healthy quality of life and to reach the ideal ecological equilibrium. On the other hand, the private use of water resources through the permit system of the National Policy for Water Resources does not denote possession of the water itself [9] , considering the premise of inalienability of public goods for common use [10] . Rather it implies the right to use water for economic or individual purposes, observing the restrictions imposed by law and by the collective interests. Integrating the public domain with other environmental resources, water in general cannot be privately or individually owned. Rather the opposite since the public bodies with legal competence for managing public goods are bound by law to guard them (include water) for the overall benefit of the community [10] .
Against this background, groundwater acquires a strong environmental dimension. As an environmental resource, it constitutes as an important reserve of drinking water for future generations and must subject to protective and conservative policies for keeping an ecologically balanced environment. The economic use of groundwater resources promotes either private or collective interests, supporting economic activities or supplying the population with essential public services. Nevertheless, the economic dimension of groundwater must be compatible with the intergenerational obligation of guaranteeing groundwater reserves in adequate quality and quantity for the future.
Mining and Mineral Waters-Regulatory Framework
The Code of Mineral Waters (CMW) was enacted while the Constitution of 1937 and the former Code of Mines of 1940 were in force. The Constitution of 1937 reiterated most of the principles for mineral resources exploitation introduced in 1934. According to it, the property of mines and other subsoil wealth was considered distinct from the ownership of the land, and their economic exploitation relied upon federal grants. These main principles were later reinforced by the Federal Constitution of 1988, currently in force, which extends the Federative Union's domain over mineral resources even for those undiscovered, wherever they are settled (on surface or in the subsoil), and also defines that mining activity must be carried out in the national interest, following policies and rules for protection of the environment and for the recovery of degraded areas by the mining company.
The Since 1967, the CM has governed all aspects of the mining sector in Brazil   9 , from exploration of mineral resources to production and commerce of mineral commodities. Mineral rights are established and extinguished by successive administrative proceedings, mostly of a binding nature [11] , issued by both the Ministry of Mines and Energy (MME) and the National Department of Mineral Production (DNPM).
Authorization and concession are legal regimes defined by the CM that represent the two main phases of the mining activity, respectively the exploration and exploitation stages. The authorization regime comprises a time-limited title (2 to 3 years, renewable) that allows either individuals or companies to conduct, at their own expense, all prospecting works needed for the definition of an ore deposit, evaluation of mineral reserves and grades, as well as the determination of their economic feasibility. The concession title is issued by the MME, has unlimited duration and allows private companies to carry out mining operation projects that have been previously submitted to an environmental licensing process.
The Constitution empowers the Federative Union to dispose of mineral wealth, be it on the surface or underground, without any legal restriction. The first competent applicant to request a survey grant for a particular available area can obtain exploration priority rights. The right of priority, also known as the "first come, first served" rule, is one of the mining activity principles that guarantees democratic access to mineral resources, as the Union must grant mineral rights to whoever first legitimately applies for it.
The mining sector has a peculiar dynamic as economic activity. Despite the public nature of mineral resources, mining is not a public service. All investments (normally of a long term nature) and usually high risks are at the expense of private parties. Once a mining title has been issued, the miner begins to have a right/duty to exploit mineral deposit until its depletion. The property of the mined product is guaranteed to him, as is the right to use, enjoy, sell or rent the mine and to use the mineral rights as collateral. Thus, the exploitation concession is the administrative act that allows the shift of the ownership of a public asset (in situ ore deposit) from the Union to private hands (mined ore deposit), incorporating it into their assets [12] [13] .
Mining is constrained by the immovable nature of the ore deposits. Mineral resources can be found anywhere, outcropping the surface or deep inside the soil. Considering the random and unpredictable natural occurrence of mineral resources, mining is considered to be of public utility or of social interest and direct exploitation in some protected areas can be allowed only under specific environmental law provisions 10 .
The Code of Mineral Waters (CMW)
Mineral water is legally defined as groundwater with a distinct chemical composition or physical-chemical properties which confer a medicinal action. The CMW recognizes two categories of groundwater: mineral waters and potable table water. Both categories of groundwater are considered mineral substances and are governed by the mining legal framework. The CMW regulates two only possible end uses, for bottling process and for spas purposes. Mineral waters are defined as having a medicinal action depending on their composition. They are characterized by a wide range and defined amounts of some chemical compounds (radium, sodium and calcium bicarbonate, sulphate, sulphur, nitrate, sodium chloride and iron), by the presence of dissolved gases (carbon dioxide, hydrogen sulphide, and short half-life radioactive gases) and by the contents of noteworthy trace elements (iodine, arsenic, lithium, etc.). Together with chemical composition, some properties of the water at the source, such as temperature and temporary radioactivity, are also used to classify a mineral water source.
Potable table water, on the other hand, has nothing special at all, i.e. comprises groundwater which does not reach the chemical or physical parameters defined by the CMW, but only potability. Potable table water theoretically is not associated with any sort of presumable beneficial health effect, but is suitable for bottling purposes.
According to the CMW, water with particular chemical and physical parameters is defined as having therapeutic benefits, even though no therapeutic effects may have been shown empirically by medical experts. The medicinal action is the main legal criterion that defines a mineral water, but the procedure of testing for any favorable effect on health is not a legal requirement 11 , because the law sets down the chemical and physical parameters for mineral waters (Art. 35 and Art. 36 of CMW).
The CMW was enacted at a time when several spas and hydromineral resorts were designated as important healing centres in Brazil. Mineral waters were normally known as "mineral-medicinal" or "thermal-medicinal" waters, because Crenotherapy was experiencing great popularity as a traditional practice in medicine [5] [14] . After the Second World War, however, the discovery of penicillin and the spread of the pharmaceutical industry have been identified as the main reason for the decline of those medicinal practices, not only in Brazil but also worldwide [15] . Bottled mineral waters have their origin in the spas and resorts, retaining a connexion to their sources and the brands that carried the prestige of some known effects on health, but slowly they became more and more separated and diverged from the resorts [15] , splitting up completely and developing as independent companies in a fast growing sector. The production of bottled mineral water before 1970s were lower than 100 million litres/year, increasing to around 800 million litres/year in 1990 and then boosting to more than 3000 million litres/year from 2000 forward [16] . By the end of the 1950s, bottled mineral water was no longer sold in pharmacies but had begun to be marketed in supermarkets, restaurants and bars [15] , and was seen not anymore as a medicine, but also as a domestic consumer good. The mineral water sector changed its focus from healing purposes, leaving the medical scope and approaching the bottled beverage industry, to dealing with the primary purpose of the water: thirst quenching.
Considering the extinction of the Crenotherapy specialty or subspecialty in medicine, the confirmation of some therapeutic use of a mineral water has not been made since the 1960s. In that way, the classification of mineral water has been based only on the chemical or physical properties defined by law. On the other hand, the legally defined parameters used to classify a mineral water cover such a wide range (for example the temperature in the source) that practically any grade of mineralization or even waters containing low amounts of trace elements (for example fluoride) are enough to categorize them as mineral water. In practice, today, any naturally potable groundwater is likely to be classified either as mineral water or as potable table water [15] [17] if suitable for bottling or for spa purposes.
Mineral Waters versus Minerals-A Comparison
Mineral water seems an alien mineral substance within the mining sector and remarkable differences between mineral water and other minerals can be pointed out as follows: 1) mineral water is neither a mineral nor a fossil substance; 2) mineral water is a renewable resource, in theory; 3) mineral water is produced directly for human consumption, and because of that, the sector must follow standards and rules promoted by health, sanitation and environmental institutions; 4) inspection procedures for mineral water are more similar to the ones taking place in the sanitation and health sectors than in the mining one; 5) exploitation of mineral water implies a minimal alteration of the surface and minimized visual impacts at the point of extraction (punctual extraction); 6) mineral water exploitation is conservative because it involves a delimitation of a protection area around the source with restriction to any underground work or intervention; and 7) mineral water extraction and processing cause desirable minimal change in the original water composition.
The first basic difference between minerals and mineral waters refers to their nature. Water is not considered a mineral because it is liquid and does not show a crystalline structure [18] . Mineral water is not the only exception within other mineral substances though. For example, mercury occurs as a liquid and opal is amorphous, so both are considered mineral-like substances, named mineraloid, but are not formally accepted as minerals. Some chemical compounds induced by biological processes, such as marine phosphorites, are not truly minerals either. In fact, being a mineral is not a sine qua non for being regarded as a mineral resource.
Another key difference regards renewability. Mineral water is a drinkable groundwater which, theoretically, is a renewable resource connected directly or indirectly to surface waters, taking part in the hydrological cycle. According to Rebouças, 97% of all groundwater is meteoric in origin and was recharged by infiltration of surface water into the ground at some moment in geological time [19] . The concept of renewability for groundwater, however, is relative to time and can be divided into renewable and non-renewable. Renewable aquifers receive natural recharge and have the ability to replenish their reserves depending on the level of connectivity with surface waters, in a period of time comparable to a human lifespan. On the other hand, aquifers that need a very long period (hundreds to thousands of years) to replenish their stocks are known as non-renewable or fossil [20] . Non-renewable groundwater is normally found in unconfined aquifers where contemporary recharge amounts are small or infrequent due to severe climatic conditions, as well as in confined sections of some aquifers where active recharge is negligible [20] [21] . "Groundwater mining" is the convenient term often used for groundwater developments that involve the abstraction from fossil or non-renewable water reservoirs. In other words, groundwater mining may be defined as the exploitation of groundwater at a rate that is much greater than the rate of replenishment of the aquifer storage [22] [23] .
Nevertheless, the principles that underpin the mining activity and water resource management are quite different. One of the problems of mineral water management is the premise that mineral resources can be exploited until ores deposits are exhausted, because this principle implies some environmental concerns related to the protection and conservation of groundwater as an environmental resource, which are not properly covered by the CMW or the CM. Because the CMW and the CM antedate the Brazilian environmental legislation, most of the policies and rules concerning environmental protection affect the mining sector directly without disrupting the mining legal framework. The environmental legislation introduced another step for the mining activity, by submitting mining developments to environmental licensing process regarding its installation and operation. Considering that mining is legally recognized as a potentially hazardous activity to the environment, mineral exploitation (including mineral water) is not authorized unless previous environmental impact assessment, or another similar instrument, has been carried out. The theoretical depletion of a mineral water "deposit" can be legally authorized 12 , but this is unlikely to happen because the exploitation would not be licensed by the environmental authority in the first place.
The second problem in considering mineral water as a mineral resource refers to the ownership transference of a public asset to a private party. Legally, the miner owns the mined product as part of his private assets. This means that the abstracted mineral water belongs to the miner, differently than users of water resources. As seen before, according to Brazilian Water Law's principles, water rights refer to the private use of a public good with the public good remaining in public hands. Then the mining principle conflicts directly with the constitutional assumption that water is a public good for common use by the people and is inalienable. Under Brazilian Administrative Law, public assets for common use are not susceptible to being ascribed to individual ownership, since they belong to everyone and the government is in charge of managing them for the benefit of the society [9] . From an economic perspective, the exclusive use of a water resource by a private party depends on an administrative permit act as stated by a national and regional set of policies and rules. The management of mineral water under the mining exploitation regime seems, therefore, to be incompatible with the premise of the inalienability of water.
Finally, some inconsistency between the CM and the CMW rests on the principle of management of mineral water for end use. Mineral water is managed exclusively for bottling process or for spa purposes. Any other use (for example, water supply or irrigation) is not regulated by the CMW and is out of the federal jurisdiction of DNPM. Mining activity, however, is deeply dependent on the fixed location of ore deposits and on its non-renewability rather than on the end uses of extracted mineral substances.
Conflicts between Mineral and Groundwater Sectors
Mineral water management can potentially conflict with other sectors, such as health and sanitation, environmental protection, land use planning, and groundwater resource management [24] . Regarding the health sector, there are concurrent administrative levels of the government, such as the Ministry of Health and the Ministry of Mines and Energy, which enact conflicting norms. This is the case for sanitation inspection procedures for mineral water industries and labelling of bottled mineral water 13 . Another source of conflict lies in the necessary intervention in preserved wooded areas (named Permanent Protection Areas defined in the Brazilian Forest Code) to construct the source protection building around mineral water springs, that would be theoretically authorized only under special circumstances defined by law 14 . While environmental law states that Permanent Protected Areas must be preserved, the mineral water law determines deforestation can be carried out in localized portions of those protected wooded areas [24] , which can result in fines by the environmental body. 12 The concept of groundwater reservoir depletion is somewhat distinct from mineral ore deposit depletion. Depletion of groundwater storage does not mean the complete drainage of the aquifer because is rather unlikely to happen, since an important part of an aquifer is renewable and the stocks can be replenished by recharge. Nevertheless, the continuing abstraction of non-renewable aquifers represents, in fact, reduction in groundwater reserves, triggering several negative side effects. According to Llamas & Custodio, the common undesirable side effects of intensive abstraction of groundwater are the drawdown of the hydraulic head locally and regionally, alteration in the river-aquifer relations (drying up of springs and reduction of river-base flow), alteration in the groundwater quality (normally degradation) and land collapse [23] . 13 Nevertheless, the mineral water sector collides directly and more frequently with groundwater sector. Official statistics demonstrate that almost 190,000 permits for water use had been granted by July 2011, representing a total authorized yield of 6800 m 3 /s, where groundwater still represents a minor part, of about 8400 permits and a total yield of 520 m 3 /s (or 1,872,000 m 3 /h) [25] . Compared with the official statistics for the water resource management sector, the production of mineral water represents a minimal, if not negligible, proportion of the end use of groundwater in Brazil, which is estimated at 1024 exploitation concessions granted by the end of 2011, representing a total yield of 0.28 m 3 /s (or 1023 m 3 /h) [26] . Although there is such a quantity difference, the potential conflicts between the groundwater and mineral water use still occur, but are rather a localized issue, especially in certain regions where mineral and thermal waters play an important role in production of bottled beverages or for spa tourism.
A well-reported case of conflict takes place in the Caldas Novas region, in the central part of Brazil, an important tourist destination in Goias State, where the presence of thermal water sources has been attracting tourists from all over the country for leisure tourism and balneotherapy since the 1960s. A large number of wells (more than 400 wells) had been drilled and groundwater abstraction was almost uncontrolled, resulting in a drastic decrease in the regional water level of the thermal aquifer, with a decrease of more than 50 m from its original level [27] . From 1996, the National Department of Mineral Production (DNPM) has been adopting a set of control measures for the thermal aquifer in the Caldas Novas region, aiming to recover of its falling potentiometric surface and to maintain the thermal characteristics of the aquifer that was about to be depleted because of groundwater overexploitation [27] . The set of procedures comprised the interdiction of 180 illegal wells, the prohibition of use of thermal water from 155 wells for domestic purposes, the restraint and regular monitoring of the production yield in the 89 authorized thermal water wells and the suspension of granting of new mineral rights in the region 15 . Recently, the control measures successfully led the aquifer to recover about 30 m above the lowest water level registered in the region in the middle 1990s, but some concerns still remain because monitoring data have shown a progressive tendency for thermal aquifer drawdown that has not adequately been addressed 16 . On the other hand, the supremacy of thermal groundwater use for mineral water spas has also conflicted directly with the local public water supply service, because the municipality had their thermal water wells restricted by the federal regulatory body, which ultimately led the matter to be brought before a court of justice to be settled 17 . Only 30 shallow wells are authorized by the State body for abstraction of cold groundwater for domestic uses inside the restricted area [27] .
Another reported case of conflict refers to the Nestlé industry in São Lourenço city, a traditional hydromineral resort in Southeast Brazil. The local population organised protests from 1999 to 2004 against the multinational company, which was suspected of overexploiting the aquifer by intensive pumping of wells for bottled water production [28] . Protests focused on the distrust of the multinational company being granted with mining rights to exploit mineralized groundwater from wells enclosed in a resort with reputed medicinal springs. The supposedly high rate of groundwater pumping for bottling purposes would have caused the falling water level of the aquifer, with apparent changes in water composition and the drying of some secular springs. The Nestlé industry was involved in a trial, with great negative repercussions shown both in national and international media. In the end, some irregularities were found in the industry's operation, but there was no direct evidence of aquifer overexploitation due to the production of bottled water. Nestlé had their activities adjusted to the Public Ministry's requirements by signing an agreement in 2006 that restricted one of the pumping wells, and also limited its total production to 13 million litres of mineral water per year [28] .
Aware of the conflicts of jurisdiction between the federal regulatory body (management of mineral water) and State institutions (management of water resources), the National Water Resource Council (CNRH) in 2002 started a long discussion on this issue, conducted within its Groundwater Technical Chamber (CTAS). The discussion about the integration between the management of mineral water and groundwater were particularly lively in 2004, when a seminar was held focusing conceptual and legal issues in each sector. The discussion was somewhat heated and opinions were clearly polarized into two divergent points of view: on the one side representatives of the National Department of Mineral Production (DNPM) and of the National Confederation of Industry were against any attempt to integrate mineral water developments with the permit system of the National System of Water Resource Management (SINGREH). On the other side, representatives of Federal and State bodies for the environment and water resource management argued the opposite [16] [29] [30] . In the end, the Council published Resolution 76/2007 focusing mainly on guidelines to promote the dialogue between federal and states administrative institutions, as well as the sharing of technical information of each permit system. This resolution seeks, to stimulate the "integration and coordinated action" of the organisations involved (federal and state agencies) without formally stating that SINGREH should be an additional management instrument for mineral water developments 18 . A likely reason for this sort of conflict is that mineral water today is not so far distinct from "ordinary" groundwater. According to Queiroz, 88% of all mineral water sources in Brazil produce very lightly to lightly mineralized water, showing a total concentration of dissolved chemical compounds no higher than 300 mg/L [31] . About 10% of the sources are classified as potable table water and 27% of the sources are classified as mineral water exclusively due to insignificant amounts of fluoride as a noteworthy component [31] . This study also shows that 43% of all Brazilian mineral water sources are characterized exclusively by intermittent physical and chemical parameters, such as temperature and/or temporary radioactivity, which means they are truly mineral waters only at, or near to, their sources. Away from their sources, they are only potable table waters (or common potable groundwater) because their temperature has changed and their dissolved gases have been lost at the time they are available for consumption. While those intermittent physical-chemical characteristics are significant for spa purposes, they are irrelevant for the consumer of bottled mineral water.
Only a small part of all mineral water sources in Brazil, about 20%, is characterized by greater diversity of chemical compounds and/or high temperature and/or natural carbonation, characteristics that are strictly in accordance with the legal chemical limits established in Article 35 of the CMW and with the legally stated definition of a supposed medicinal action for mineral water. This percentage is roughly the proportion of mineral water sources (14%) that historically were devoted to some medicinal purpose or aimed at leisure tourism in spas and hydromineral resorts [31] .
Considering only bottled mineral water, one third are very lightly mineralized (total dissolved solids < 50 mg/L), associated with fast water circulation through shallow aquifers (pH < 6, acidic), theoretically highly vulnerable to surface-driven contamination, and furthermore one quarter of the sources shows some signs of anthropic impact indicated by the presence of nitrate 19 , even though they are potable [32] . There are some sources in the North and Northeast of Brazil that produce mineral water compositionally similar to rainwater, as they show total dissolved solid contents below 5 mg/L and pH between 4 and 5 [17] [32] .
In fact, the CMW currently fails to sort out conflicts between the water and mining sectors because the law does not provide reasonable well-defined limits, based on intrinsic parameters, which can without doubt differentiate mineral water, potable table water and common groundwater. With some exceptions, in practice, they are almost the same, because the CMW allows a loose interpretation of the legal parameters used to classify any potable groundwater either as mineral water or as potable table water.
In the 1940s, when the CMW was drafted, there was no stated policy at federal level to deal with other economic uses of groundwater apart those regulated by the CMW. Furthermore, the limited knowledge in Hydrogeology in the 1940s and the lack of technology in underground works have possibly led to the misconception that mineralized groundwater was disconnected from surface waters, causing mineral water management to be regulated more closely to the mining sector, completely separated from surface water resource management [15] . The CMW's provisions worked without major conflicts for years, until the Federal Constitution came into force in 1988, which introduced an environmental dimension for water, previewed a national-level integrated water resource management, and empowered the States with jurisdiction over groundwater.
With groundwater being defined by the Constitution as a natural resource under States' jurisdiction, there is a risk that potable table water would in fact be interpreted as being "common" groundwater, since they are tech-nically the same. If this were the case, the CMW's provisions designating potable table water as a mineral resource would conflict directly with the 1988 Federal Constitution. Accordingly, neither potable table water nor mineral waters would be regarded as assets belonging to the Union, because the Federal Constitution makes no distinction between different types of water, but includes all groundwater under the States' domain. As vehemently argued by Serra, if no exception is made for groundwater, the CMW as a whole would be implicitly revoked by the 1988 Federal Constitution and mineral water would fall under States' competence as a water resource [15] . This is a controversial point of view, however, and is not shared by the Ministry of Mines and Energy's advisory board of Federal Attorneys (Advogado Geral da União). They argue that the CMW is in accordance with the Federal Constitution, because mineralized groundwater is solidly defined as a mineral resource at infra-constitutional level [29] .
The Need for Updating the Brazilian Legislation for Mineral Water
The concepts used by the CMW for defining mineral water lie in the sparse scientific and medical knowledge about the therapeutic uses of mineralized, radioactive and thermal waters that was available in the 1940s. Some properties of the water that are directly linked to the source, such as high temperature and dissolved gas content, are relevant for therapeutic purposes and have been extensively reported as beneficial to health in both recent and older international literature on spa therapy [33] - [35] . Some therapeutic effects of mineral waters, however, are currently asserted in law, but are unsubstantiated by science. The actions of chemicals are now much better understood than they were when the law was drafted, and it is now clear that the law defining the therapeutic benefits of some of the chemical compounds found in mineral water seems to be misleading.
For example, nitrate and arsenic are defined by the CMW as likely to be associated with some medicinal action, but they in fact have been found to have some harmful effects in humans, so that their concentration in drinking water is now determined by rigid standards 20 . On the other hand, the presence of radioactivity (permanent or temporary) in water, which for a long time Crenotherapy had credit with the mild therapeutic effects of lightly mineralized water [36] , has had its beneficial action on health questioned, and it has even been described as hazardous to humans [17] [37] . If there are controversies about the benefits or possible harms to humans related to certain components in drinking water, precautionary concerns should be taken into account in using these parameters for mineral water classification and its use for human consumption.
The concept of mineral water carrying some medicinal effect is currently in disuse in Brazil, mainly because medicinal practices using mineral and thermal waters are virtually extinct due to the lack of experts in Crenotherapy [14] [15] . As the linkage between medicinal therapy and mineral water has been lost, the principles that underpin the Brazilian legal framework for dealing with mineralized groundwater should be revised. As pointed out by the reputed Brazilian jurist, Miguel Reale, "the legal rule must be formally valid and socially effective" [38] . In other words, the effectiveness of the law is dictated by its engagement with the social experience, to the point that "the disuse [of a law] can occur because the legal rule has never been applied or, at a certain time, has ceased to be applied, since the obedience to a diverse customary norm started to prevail within the community, with the oblivion of the legal rule" [38] . The same author also argues that: "the public authorities have a duty to avoid the divorce between social reality and certain legal rules, which are not, or never have been effective, because it [the law] is in conflict with trends and authentic dominant interests within the community" [39] .
The current political climate in Brazil is particularly favorable to making public authorities aware of the urgent need for reopening the discussion for updating mineral water legislation, because the government has been making efforts to modernize outdated laws. In this direction, the federal government has released the bill that will replace the 1967 Code of Mining and will improve the institutional and legal framework of the mining activity in Brazil. The bill number 5.807/2013 is before the National Congress since June of 2012 and several changes in principles and management instruments for dealing with mineral resources are likely to happen by the end of 2014. The expected changes, however, will not affect the current management style of mineral waters.
A desirable scenario would be for the government to open a public consultation process followed by a transparent discussion through public meetings, involving different sectors of society with competing interests in the mineral water issue, such as the mining, groundwater, health and food sectors. Academic knowledge and the experience of other countries would be of great value in supporting the discussion and the law-making process.
The government should provide an open-minded debate for answering the big question: which is the model for mineral water management that society really wants and should pursue? The multidisciplinary debate should lead to answers regarding the establishment of (new) principles and concepts for mineral water, the definition of the management instrument, a decision about the legal regime of exploitation and the determination of well-defined technical parameters that unquestionably differentiate mineral water from normal groundwater.
The current design of the mineral water sector has evolved so that most of the mineral water sources today are barely distinguishable from normal groundwater. The connection between mineral water and medicine has been lost for a long time and so is the linkage with the principles that underpin the mining legal framework. Keeping mineral water management in the mining sector can only be justified if the principles governing mineral water legislation are in accordance with the non-renewability of aquifers and with the fixed location of the mineral water sources 21 . Otherwise, mineral water will continue to be treated like an alien substance with an alien model of management within the mining sector.
Nevertheless, keeping mineral water management in the mining sector does not sort out concerns about the compatibility of the mining legal regime for mineral water exploitation, because the mining alienability principle conflicts directly with the environmental dimension of groundwater.
Conclusions
For reasons that have little to do with hydrogeology, but much to do with currently disused traditional spa practices, mineral water in Brazil is considered to be a mineral substance and even today it is treated differently to water resources. The CMW is a curious case in which the law did promote a change in the nature of a natural resource, namely, groundwater. The legal ascription of mineral water as a mineral substance should never exclude its natural condition as a groundwater resource. In fact, it is almost physically impossible to separate mineralized groundwater from "ordinary" groundwater because they are interconnected in an aquifer, taking part of a dynamic system composed of flowing water and rock. Furthermore, mineral water has now acquired a water resource status in its own right, taking into account how legal instruments for water management have evolved in Brazil in the last decade.
The cases of conflict reported in this article highlight the inversion of priorities stated by the Constitution, which was supposed to have the supremacy of public over private interests. In the Central Brazil conflict case, spa tourism is favoured in the end use of mineralized water for private interests rather than for the public water supply service. The regime of mineral water production under the mining legal framework sometimes denies some principles and guidelines of environmental and water resource legislations that should not happen today.
There will be inevitable conflicts of jurisdiction on mineralized groundwater while the CMW remains in force, because it is founded on outdated definitions and disused concepts regarding water intrinsic parameters and end uses. The CMW has ceased to be effective and barely reflects the current design of the mineral water market, since it has been drafted since the 1960s primarily for the production of bottled beverages rather than for medicinal purposes. Bottled mineral water today favours characteristics agreeable to consumer tastes (lightly mineralized bottled water), with the oblivion or the principles originally stated by law (mineral water as a remedy). More than 80% of mineral water sources in Brazil are currently devoted to production of bottled water. For the consumers of bottled mineral water, the only thing that really matters is the quality of groundwater for drinking and not its presumable medicinal effects on humans.
There is an urgent need to reopen the discussion aimed at a possible revision of the CMW. This piece of legislation has been frozen in time and does not adequately take into account the deep changes in the way society has been dealing with water, in general, and with the environment, in particular. For the discussion process, some aspects should be taken into account, such as serious concerns about the compatibility of the CMW's principles with the environmental dimension of groundwater. The ascription of mineral water as a mineral substance belonging to the Union's assets and the adoption of the legal regime of mining are frankly in disagreement with the constitutional premises of groundwater under the States' jurisdiction and with the inalienability of water as a public good for common use.
